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Abstract of JP3258909 

PURPOSE:To enable recovery of a 
satisfactory filter even If an accumulation 
amount of particulates is somewhat changed 
by radiating a microwave to the filter formed of 
a fiber ceramic sintered body in the 
honeycomb structure with a number of cells. 
CONSTITUTIONrA magnetron 8 is arranged 
so that a microwave is radiated to a filter 1 in 
the honeycomb structure having a number of 
cells 2a and 2b made of a fiber ceramic placed 
in the middle of an exhaust pipe 1 1 of a diesel 
engine. Thus, particulates in an exhaust gas 
softly accumulates in a wide area of the 
porous fiber ceramic which is a material of the 
filer 1. Accordingly, when the microwave Is 
radiated to the filter 1 and the particulates are 
heated, the particulates can be easily burnt as 
a favorable contact is kept between the 
particulates and oxygen. 
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DESCRIPTION 

1. Title of the Invention 

15 DIESEL EXHAUST GAS PURIFYING DEVICE 

2 . Claims 

1. A diesel exhaust gas purifying device comprising a 
filter for collecting burnable particulates contained in an 

20 exhaust gas and a microwave oscillator for heating and burning 
particulates accumulated on said filter, wherein said filter 
is a fiber ceramic sintered body in a honeycomb structure having 
a large number of cells. 

2. The diesel exhaust gas purifying device according to 
25 claim 1, wherein the filter is a mullite fiber ceramic sintered 

body. 

3. The diesel exhaust gas purifying device according to 
claim 1, wherein the filter is a fiber ceramic sintered body 
having a porosity of 70% or higher. 

30 4. The diesel exhaust gas purifying device according to 

claim 1, wherein the cells of the honeycomb structure in the 
filter are alternately sealed with an inorganic material having 
a porosity of 60% or higher. 

35 3. Detailed Description of the Invention 
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Field of Industrial Application 

The present invention relates to a device for removing 
harmful burnable particulates emitted out of an internal 
combustion engine or the like and purifying exhaust gases. 
5 Related Art 

In recent years, the effect of burnable particulates such 
as carbon contained in exhaust gases of diesel engines or the 
like on the human body has been regarded as a problem. Therefore, 
a method for trapping the particulates by using a filter made 

10 of ceramic or the like and heating and burning the particulates 
by using a burner or an electric heater after a prescribed period, 
which is called regeneration, has been tried. However, a burner 
comprises a large number of parts and is disadvantageous in the 
reliability and cost. On the other hand, in the case of an 

15 electric heater, the power consumption is high and thus the 
electric heater is inadequate for vehicles. 

West German Patent No. 3024539 is one of examples to solve 
the problems and discloses a device in which a filter made of 
ceramic fibers and a magnetron are combined. In this device, 

20 particulates are collected by the filter and the stagnating 
particulates are selectively heated and burned by microwave 
generated by the magnetron. Accordingly, while the filter is 
regenerated, it is used repeatedly. 

Further, Japanese Patent Application Laid-Open (JP-A) No. 

25 59-58114 discloses a device including a ceramic honeycomb 

filter and a magnetron in combination, which is used in a manner 
similar to the manner described above. 
Problems to Be Solved by the Invention 

However, in the West German patent, the filter is 

30 cylindrical and has a narrow filter area and thus the pressure 
loss becomes high even when a small amount of particulate is 
accumulated and the filter has to be regenerated within a short 
time. However, the heat quantity generated at the time of 
combustion is small for a small amount of the particulates and 

35 moreover, since the device has a structure in which the 
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generated heat is left to be released downstream, the oxidation 
reaction cannot be continued and the combustion rate of 
particulates is low. Accordingly, it results in inconvenient 
consequent that regeneration has to be carried out frequently. 
5 Further, since the entire filter cannot be used as a resonant 
cavity for the microwave, the energy use efficiency of the 
resonator is low. 

On the other hand, with respect to JP-A No. 59-58114, 
since the ceramic honeycomb filter with a large filter area is 

10 used, there is an advantageous that the increased pressure loss 
is low and the number of the regeneration may be small . However, 
in general, there is a problem that the density of a mother 
material of ceramic honeycombs is high and the mother material 
accordingly depletes the combustion heat of the particulates 

15 to result in difficulty of keeping continuous combustion. 

Further, since the particulates are accumulated on the surface 
of a filter, if the particulates are accumulated too much, a 
plate-like conductive film is formed or oxygen permeation 
becomes impossible to inhibit oxidation reaction. Accordingly, 

20 the range of the optimum accumulation amount of the particulates 
on the filter to be regenerated is narrow and therefore, it is 
impossible to regenerate the filter unless the accumulation 
value of the particulates is detected accurately. 

Accordingly, an object of the present invention is to 

25 provide a diesel exhaust gas purifying device capable of 
constantly performing good regeneration even if the 
accumulation amount of particulates is somewhat changed by and 
having an effective exhaust gas purifying function. 
Means for Solving the Problems 

30 The present invention provides a diesel exhaust gas 

purifying device which is arranged in a manner that microwave 
can be radiated to a filter which is placed in the middle of 
an exhaust pipe of a diesel engine and has a honeycomb structure 
having a large number of cells and made of a fiber ceramic. 

35 Further, plugs sealing the cells of the honeycomb filter 
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are made of a ventilating inorganic material with a porosity 

of 60% or higher. 

Action 

According to the configuration, the particulates in an 
5 exhaust gas are softly accumulated on a porous fiber ceramic 
with a wide surface area, which is a material of the filter. 
Therefore, when the particulates are heated by microwave 
radiation to the filter, the particulates and oxygen are well 
in contact with each other and the particulates can easily be 
10 burned out. 

At that time, the particulates accumulated in the 
portions of plugs in the front side are also effectively burned 
out by supplying combination air due to ventilating plugs in 
the rear side . 
15 Examples 

Hereinafter, one example of the exhaust gas purifying 
device of the present invention will be described in accordance 
with the attached drawings. 

Fig. 1 shows an exhaust gas purifying device of the 

20 present invention. In the figure, a reference numeral 1 denotes 
a filter having a honeycomb structure produced from a fiber 
ceramic with a porosity of 80% obtained by sintering mullite 
ceramic fibers with a binder and having a large number of 
rectangular cells 2a and 2b partitioned by cell walls 3 to form 

25 gas flow channels in the inside. One end of each of the cells 
2a and 2b are alternately sealed with plugs 4a and 4b to prevent 
exhaust gases from passing straightly. The ceramic filter 1 
is wrapped with a sheet-like buffer material 5 including 
thermally expansive vermiculite, ceramic fibers, and an organic 

30 binder and thereafter housed in a can case 6 made of a heat 
resistant stainless steel. A cylindrical waveguide tube 7 is 
connected to the front part of the can case 6 and a magnetron 
8, a radiation source of microwave, is installed in the end part. 
Further, an exhaust gas lead-in pipe 10 is connected to a 

35 resonance chamber 9 formed between the ceramic filter 1 and the 
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waveguide tube 7 in the can case 6 and exhaust gases from an 
engine exhaust pipe 11 and air supplied by an air pump 12 through 
an air suction pipe 13 are led to the ceramic filter 1 via 
four-way valve 14. The rear part of the can case 6 is narrowed 
5 like a cone and joined to a muffler (not illustrated) byamuffler 
connection pipe 15. Stoppers 16a and 16b are welded in the 
inside of the can case 6 so as to fix a buffer material 5 in 
front and rear of the ceramic filter 1. Metal lattices 17a and 
17b are attached to the insides of the gas lead-in pipe 10 and 

10 the muffler connection pipe 15 to prevent leakage of electric 
wave to the outside. Further, a bypass pipe 18 for leading 
exhaust gases flowing in the engine exhaust pipe 11 to the 
muffler connection pipe 15 without passing through the ceramic 
filter 1 is connected to the four-way valve 14. 

15 Next/ the operation of the example with this 

configuration will be explained at first for the case of normal 
driving of a diesel engine. Exhaust gases emitted by driving 
the engine and containing particulates flow in the exhaust pipe 
11 of the diesel engine. The exhaust gases flow to the exhaust 

20 gas lead-in pipe 10 communicated by the four-way valve 14 and 
come to the resonance chamber 9. Here, the exhaust gases flow 
in the cells 2a of the ceramic filter 1 opened in the waveguide 
tube 7 side and flow in the cells 2b opened in the muffler 
connection pipe 15 side through the cell walls 3. At that time, 

25 the particulates contained in the exhaust gases cannot pass 
through the cell walls 3 and remain and are accumulated in the 
cells 2a. On the other hand, the purified exhaust gases from 
which the particulates are removed flow in the muffler 
connection pipe 15 and are released to atmospheric air via the 

30 exhaust muffler. The accumulation work of the particulates in 
the ceramic filter 1 is continuously carried out for 1 to 2 hours . 
When the particulates are accumulated sufficiently to increase 
the back pressure to a stage that it causes a bad effect on the 
engine if the driving is continued further, the filter 

35 regeneration for burning the particulates is started. 
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In the regeneration^ the four-way valve 14 is rotated to 
communicate the engine exhaust pipe 11 with the bypass pipe 18 
and the air suction pipe 13 with the exhaust gas lead-in pipe 
10. Accordingly, the exhaust gases are released to the bypass 
5 pipe 18 and simultaneously the air pump 12 is operated to send 
air to the exhaust gas lead-in pipelO through the ceramic filter 
13. Next, a power source of the magnetron 8 is turned on to 
radiate microwave to the ceramic filter 1. Discharge occurs 
in the inside of the particulates accumulated. Consequently, 

10 the heated particulates start to be burned while being brought 
into contact with air. When such a state is kept for about 20 
minutes, the particulates in the inside of the ceramic filter 
1 are almost completely burned out. Thereafter, the power 
sources of the air pump 12 and the magnetron 8 are turned off 

15 and the four-way valve 14 is turned back to the original position 
to complete the regeneration. The ceramic filter 1 is thus 
turned back to the state for accumulating the particulates as 
the initial stage. 

Fig. 2 shows the results of trial regeneration as 

20 described above by changing the porosity and accumulation 

amount of the particulates of the mother material of the ceramic 
filter 1. In the case where the material of the ceramic filter 
1 has a porosity of 80%, regardless of the accumulation amount 
of the particulates, the regeneration ratio (burned particulate 

25 amount/accumulated particulate amount) exceeds constantly 80% 
and an excellent regeneration property is thus exerted. Such 
a tendency appears in the case where the porosity is not lower 
than 70%; however, if the porosity is decreased to 50%, a 
hill-like shape having the maximum value of the regeneration 

30 ratio at about 20 g of the accumulation amount of the 

particulates appears . Accordingly, it is found that in the case 
of this ceramic filter, unless the accimulation amount of the 
particulates is accurately detected, the regeneration cannot 
be carried out. Further, if the particulates are accumulated 

35 too much, it is considered that the function of the ceramic 
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filter may be almost completely lost due to clogging. 

The phenomenon may significantly appear even in a portion 
of a material with a relatively high porosity just like that 
of the plugs 4a sealing the cells 2b of the ceramic filter 1 
5 in the waveguide pipe 7 side. Accordingly, when a ceramic 
material with a porosity of 60% or higher is employed as a 
material of the plugs 4b, the particulates are not completely 
burned out, particulates near the periphery of the plugs 4a are 
not increased at all by repeated regeneration. Consequently, 

10 the accumulation of the particulates in the exhaust gas inlet 
of the ceramic filter 1 and peripheries of the plugs 4a can be 
avoided and thus inactivation of the filter can be prevented. 
Effects of the Invention 

According to the present invention, since a proper 

15 porosity is provided by using a fiber ceramic filter for 

purifying diesel exhaust gases, when microwave is radiated by 
a magnetron, a constantly high regeneration ratio can be 
accomplished. A disposed ceramic filter is made repeatedly 
usable and exhibits practically functions. Further, the 

20 filter is remarkably excellent in durability. 

4. Brief Description of Drawings 

Fig. 1 is a cross-sectional drawing of an exhaust gas 

purifying device of one example of the present invention. Fig. 
25 2 is a characteristic graph of an regeneration experiment of 

the same device. 

1: ceramic filter 

2a, 2b: cell 

4a, 4b: plug 
30 5: buffer material 

6: can case 

7 : waveguide pipe 

8 : magnetron 

11: engine exhaust pipe 
35 12: air pump 
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14: four-way valve 

17a, 17b: metal lattice 

18: bypass pipe 
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